Summary: A detailed sequential study of the coagulation and fibrinolytic systems in 15 healthy women during normal childbirth showed that striking changes in keeping with activation of the clotting mechanism take place during and after placental separation. Shortening of the clotting-test results, a sharp increase of factors VIII and V, and a decrease of the plasma fibrinogen were found as the placenta separated. Within one hour of normal delivery the levels of fibrin/fibrinogen degradation products increased and fibrinolytic activity returned to normal non-pregnant levels. In the early puerperium a secondary increase took place in the plasma fibrinogen level, factor VIII remained raised, and the platelet count showed a pronounced rise; these changes may explain the increased predisposition to thromboembolic complications in the puerperium.
Introduction
Normal pregnancy is accompanied by major changes in the haemostatic mechanism, particularly an increase in the levels of certain coagulation factors-for example, factors VII, VIII, and X-and fibrinogen and a pronounced decrease in fibrinolytic activity. Parturition presents a serious challenge to the integrity of the vascular compartment, but it has been generally held (Taylor, 1966; Donald, 1969 ) that contraction of the myometrium-the "living ligatures" of the uterus-is the mechanism which, in the main, controls blood loss at delivery. In other situations where there is injury to the vascular tree an efficient blood coagulation system plays a vital part in achieving effective haemostasis and preserving the blood volume. The purpose of this investigation was to determine the effect of parturition on the haemostatic mechanism by a detailed sequential study of the coagulation and fibrinolytic systems during and after the actual process of normal childbirth and placental separation.
The coagulation and fibrinolytic mechanisms may be in a state of dynamic equilibrium which keeps the vascular compartment intact and patent, the coagulation system laying down fibrin to seal any gaps in the vascular endothelium and the fibrinolytic mechanism removing the deposits of fibrin after they have served their haemostatic function (McNicol and Douglas, 1964) . A reflection of in-vivo events may therefore be obtained by simultaneous study of the dual mechanisms of blood coagulation and fibrinolysis.
Patients and Methods
Fifteen healthy patients with uncomplicated full-term pregnancies were studied, and full and informed consent was given by each patient for specimens of blood to be taken during and following delivery. The timing of the blood samples was as follows: (1) (Biggs and MacFarlane, 1962) . Kaolin-cephalin clotting-time (Proctor and Rapaport, 1961) . Partial thromboplastin time (Langdell et al., 1953) . Factor II (prothrombin) (Owren and Aas, 1951) . Factor V (Shanberge et al., 1967) . Factor, VIII and IX (Breckenridge and Ratnoff, 1962) . Factor X (Denson, 1961) . Onestage prothrombin time (Douglas, 1962) . Thrombin clotting-time (McNicol and Douglas, 1964) . Platelet count (Dacie, 1963) .
Fibrinolytic Enzyme System Assays.-Fibrinogen (Ratnoff and Menzie, 1964) . Plasminogen (Remmert and Cohen, 1949; McNicol and Douglas, 1964) . Euglobulin lysis time (Nilsson and Olow, 1962) . Urokinase sensitivity test (McNicol et al., 1965) . Fibrin/fibrinogen degradation products (Merskey et al., 1966; Bonnar et al., 1969a 
Results

Coagulation Systems Assays
The changes recorded in the plasma recalcification time, kaolin-cephalin clotting-time, and partial thromboplastin time during the third stage of labour and after placental delivery are shown in Fig. 1 . The recalcification time recorded during the third stage of labour and immediately after placental delivery was significantly shorter than that found in the second stage of labour (r=O, P<0 002), the recalcification time gradually increased after placental delivery and values similar to those obtained in the second stage of labour were again found on the first day of the puerperium. The kaolincephalin clotting-time showed a significant but less dramatic shortening during and immediately after the third stage (r=6-5, P<0 05). The plasma thromboplastin time was significantly shortened in the third stage of labour and immediately after placental delivery (r= 11-0, P<0.01); within 15 minutes of expulsion of the placenta the pre-delivery values were restored.
The changes in the coagulation factors that occurred before and after delivery are shown in Fig. 2 . A sharp increase in factor VIII activity occurred during delivery, the mean factor from 221,000/cu.mm. during the delivery to 304,000/cu.mm. between the third and fifth day of the puerperium (r=0, P<0002) (Fig. 3) . No significant changes occurred in prothrombin time or thrombin clotting-time during or after delivery.
Fibrinolytic Enzyme System Assays
The significant decrease of plasma fibrinogen which occurred during the third stage of labour and in the first 15 minutes following delivery of the placenta (r=0, P<0002) is shown in Fig. 4 and one hour after the delivery the level rose tce 5 8±4.7 ,ug./ml. The levels remained raised on the first day of the puerperium and decreased slightly between the third and fifth day.
Discussion
Haemorrhage occurring during the period of childbirth is frequently associated with uterine atony or soft-tissue laceration, but in these circumstances bleeding is usually readily controlled and is rarely fatal. Though the precise mechanism of haemostasis during normal parturition is still uncertain, fatal obstetric haemorrhage is often accompanied by defective blood clotting. The concentration of plasma fibrinogen and of factors VII and X is increased in late pregnancy (Ratnoff et al., 1954; Pechet and Alexander, 1961; Talbert and Langdell, 1964) , and factor VIII activity is also increased (Nossel et al., 1966; Nilsson and Kullander, 1967) . Fibrinolytic activity is known to be decreased in late pregnancy and labour and to return to normal in the early puerperium (Biezenski and Moore, 1958; Shaper et al., 1966; Bonnar et al., 1969b) . Ratnoff et al. (1954) were unable to show any consistent changes in the clotting tests during normal parturition; the tests performed were the whole-blood clotting-time, thrombin time, plasma fibrinogen, prothrombin assay, and platelet count, and only a few of these were performed on any one patient. The sequential study presented here has shown that striking changes do take place in the coagulation and fibrinolytic systems during the actual process of parturition.
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In the coagulation system assays the shortening of the recalcification time, kaolin-cephalin clotting-time, and partial thromboplastin time, and the sharp increase in factors VIII and V activity in the peripheral blood during and immediately after placental separation suggest that activation of the clotting mechanism takes place during parturition. Further, the significant decrease of fibrinogen levels during and after placental separation would be in keeping with local deposition of fibrin. The decreased levels of factors II and V on the day following delivery may reflect utilization of these factors or their digestion by plasmin. The changes in the fibrinolytic components during and immediately after placental delivery are consistent with fibrinolysis occurring as a response to local fibrin deposition; the plasma plasminogen level decreased during the third stage of labour and after placental delivery, and the level of fibrin/fibrinogen degradation products in the serum increased one hour after childbirth and remained raised in the early puerperium.
Fibrinolytic activity as measured by the euglobulin clot lysis assay remained greatly reduced during the second and third stage of labour, and the sudden change from reduced to normal activity took place between 15 minutes and one hour after delivery. Biezenski and Moore (1958) , using a semiquantitative plasma clot lysis method, found that lytic activity returned to normal within three hours of delivery. Shaper et al. (1966) reported that in African women the return to normal fibrinolytic activity occurred as the child was delivered and before the cord was clamped. The mechanism by which fibrinolytic activity abruptly returns to normal within one hour of delivery is unknown. Kawano et al. (1968) showed that placental extracts contain high levels of inhibitors of fibrinolysis, and he suggested that the placenta itself is responsible for the fibrinolytic inhibition which persists until after the placenta is delivered. In simultaneous studies on maternal blood and cord blood taken at birth, while the cord was pulsating, we have found, however, that the umbilical vein returning from the placenta has increased levels of inhibitors but also a very high level of fibrinolytic activity (Bonnar et al., 1970) .
The concurrent findings in the blood coagulation and fibrinolytic systems seem therefore to indicate that during parturition the haemostatic mechanism has an important complementary function to the unique process of myometrial contraction, which by extravascular compression diminishes the blood flow to the placental site. Life-threatening postpartum haemorrhage is a common complication in women severely affected by von Willebrand's disease (Biggs, 1966) , especially when the factor VIII level is low and does not increase during pregnancy (Walker and Dormandy, 1968) , suggesting that the clotting mechanism has a vital role in preventing blood loss during parturition. Likewise in abruptio placentae, where a pronounced depletion of clotting factors may develop, serious and sometimes fatal haemorrhage from the uterus is not uncommon. The increased levels of clotting factors during normal pregnancy may represent, therefore, a physiological development to provide for the rapid and effective haemostasis which is required during parturition.
It is of interest that in the early puerperium a secondary increase takes place in the level of fibrinogen, factor VIII activity remains well above non-pregnant levels, and the platelet count shows a pronounced rise. During the puerperium the incidence of thromboembolic complications is three to four times greater than during pregnancy (Arthure et al., 1969; Husni et al., 1967 
